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Description 

Method for adjusting a ringing signal current in a 
subscriber line and circuit arrangement 

The present invention relates to a method for adjusting 
a ringing signal current in a subscriber line and to a 
circuit arrangement for carrying out the method. 



o 



- 1 - 




10 A telephone system generally has a telephone central 
office or an exchange, and one or more subscriber 
telephone sets which are in each case connected to the 
telephone central office via a subscriber line. The 
subscriber telephone sets can be telephones or any 

15 other telephone equipment. The subscriber line 
generally has two conductors or two wires which are 
called "tip" and "ring" . The tip wire and the ring wire 
transport both alternating current signals and direct 
current signals. The subscriber telephone set, together 

20 with the associated tip and ring wires, is generally 
called a loop or subscriber loop (SL) . 

The telephone central office handles the switching of 
telephone signals between subscriber telephone sets. 

25 Industry standards such as, e.g. the Telcordia 
(Bellcore) Technical Reference TR-NWT- 00057 , Functional 
Criteria for Digital Loop Carrier (DLC) Systems, Issue 
January 2, 1993, determine the electrical signal levels 
which are used for switching, connecting and signaling 

30 within the telephone system. If, for example, a 
telephone call to a particular subscriber telephone set 
is registered, the telephone central office must send 
signals to the telephone set in order to signal the 
incoming call. For this purpose, the telephone central 

35 office, using a ringing signal generator, sends out 
ringing signals which have the effect that the 
subscriber telephone set generates a bell signal. The 
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bell signal can be a ringing bell, an electronic tone 
or any other audible or visible bell signal. The 
ringing signals are applied directly to the subscriber 
line by the telephone central office. 

5 

In the telephone central office of the telephone 
system, a line card, the ringing signal generator and a 
voltage supply for the line card and the ringing signal 
generator are usually arranged. The line card supplies 

10 a number of subscribers and is usually installed in a 
rack in the telephone central office. The line card has 
a subscriber line interface circuit (SLIC) for each 
subscriber, as an alternative, can also have an 
internal ringing signal generator for each subscriber, 

15 instead of an external ringing signal generator. 

The subscriber line interface circuit is coupled to a 
respective subscriber line via associated connections 
and is connected to the subscriber via the subscriber 

20 line. As an alternative, the subscriber line interface 
circuit can also be located outside of and remote from 
the telephone central office in a private automatic 
branch exchange (PABX) . The subscriber line interface 
circuit couples the analog subscriber line operated at 

25 a high voltage to the analog and digital circuits in 
the telephone central office, which are operated at low 
voltages. The subscriber line interface circuit usually 
supports the familiar "BORSHT" functions of battery 
feed, of overvoltage protection, of ringing signal 

30 generation, of signaling, of coding or PCM conversion, 
of the conversion between a two-wire transmission and a 
four-wire transmission (hybrid) and of the testing. 

The subscriber loop consisting of the subscriber line 
35 and the subscriber telephone set has a loop resistance. 
The loop resistance (RL) is composed of a line 
resistance of the subscriber line and the load 
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resistance of the subscribers connected to the 
subscriber line. The line resistance of the subscriber 
line depends on the length of the subscriber line or 
the distance between the telephone central office and 
5 the subscriber telephone set, and the load resistance 
depends on the number of subscriber telephone sets 
connected to the subscriber line (REN - Ringer 
Equivalent Number) . If, in the case of a short 
subscriber line, the subscriber telephone set is 

10 physically close, e.g. only a few blocks of houses away 
from the telephone central office, the line resistance 
has a value of about 0 ohms (Q) . If, in the case of a 
long subscriber line, the subscriber telephone set is 
far distant, e.g. several kilometers, from the 

15 telephone central office and the subscriber line 
interface circuit, the line resistance is up to 
93 0 ohms. With regard to the load connected to the 
subscriber line, the resistance or impedance occurring 
between the terminals of a subscriber telephone set 

2 0 should be about 1 REN in the on-hook state, in 
correspondence with industry standards, 1 REN 
corresponding to an impedance of 7 000 ohms at 2 0 Hz. 
Furthermore, it must be possible to operate the 
telephone system with up to five subscriber telephone 

25 sets (5 REN) or an impedance of 1 400 ohms at 20 Hz. 

A ringing signal generator or a subscriber line 
interface circuit which has a ringing signal generator 
must be capable of supplying ringing signals to 

30 differently loaded subscriber lines which have an 
arbitrary length such as, e.g. a short length with low 
impedance or a long length with high impedance. In 
correspondence with the abovement ioned Telcordia 
industry standard, the ringing signal must be applied 

35 to the subscriber line as an alternating voltage with a 
direct -voltage component. The direct-voltage component 
is preferably 49 volts, measured in the telephone 
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central office. With regard to the alternating voltage, 
at least 40 V (rms) must be present across the maximum 
permissible load of 5 REN. In this case, a ringing 
signal current of about 29 mA flows. If the subscriber 
5 line is long, the maximum resistance of the subscriber 
line is 93 0 ohms according to the abovementioned 
standard and the telephone central office or, 
respectively, the ringing signal generator must then 
supply an alternating voltage of about 85 V (rms) at 

10 20 Hz. If, however, the subscribers or, respectively, 
the load are connected directly to the telephone 
central office, no alternating voltage of 85 V (rms) 
but only of 43 V (rms) is required. If, however, the 
ringing signal generator feeds the subscriber line with 

15 an alternating voltage of 85 V (rms) , this corresponds 
to a ringing signal current of 55 mA. This is a current 
which is greater by about 60% than the current which is 
actually needed for a load of 5 REN. 

2 0 As an example, external ringing signal generators are 

frequently used in the US which are connected to the 
subscriber line via relays. In this arrangement, only 
one ringing signal generator is usually used for a 
number of subscriber lines. In the case of conventional 
25 solutions with an external ringing signal generator, 
however, power losses of the order of magnitude of up 
to 4 watts occur. Since network terminations (NT) in 
ISDN (Integrated Services Digital Network) or DLC 
(Digital Loop Carrier) systems are frequently remotely 

3 0 fed and must continue to maintain the telephone service 

during a mains voltage failure (lifeline support) , the 
telephone service cannot be maintained by battery for 
any length of time in the case of a mains voltage 
failure with the usual external ringing signal 
3 5 generators . 
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However, to provide for as long as possible an 
operation of network terminations in the case of a 
mains voltage failure, resistances are connected into 
the feed line within the ringing signal generator which 
5 limit the current in the case of conventional ringing 
signal generators. By this means, a steep rise in the 
ringing signal current which is caused by a small loop 
resistance in connection with a constant high ringing 
signal voltage is prevented for example in the case of 

10 a short subscriber line and the ringing signal current 
is kept as low as possible for these short subscriber 
lines which can even represent a short circuit. A 
disadvantage of such ringing signal generators consists 
in that in order to supply a ringing signal voltage of 

15 43 V (rms) even when a full load (5 REN) is connected 
to the subscriber line, the open-circuit voltage must 
be increased which, in turn, produces an increase in 
the power loss. 

20 To solve the problem of increased open-circuit voltage, 
a host controller of a line card is normally used which 
periodically measures a line current in the subscriber 
line and determines from this whether the subscriber 
line is long or short. The host controller then 

2 5 programs the ringing signal generator in such a manner 
that the power loss is reduced. 

A disadvantage of line cards which measure the line 
current in order to reduce the power loss consists in 
30 that it is not possible to control the power loss of 
the ringing signal generator accurately by means of the 
line current and, therefore, the power loss cannot be 
optimally reduced. 

35 The conventional line cards which have ringing signal 
generators and subscriber line interface circuits have 
a voltage supply which usually supplies a voltage of 
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the order of magnitude of 150 V to the line card with 
the technology used here. The voltage is designed for 
the worst case of loading on a ringing signal generator 
during the generation of a ringing signal as a result 
5 of which a line card has a high power loss in cases 
with less loading on the ringing signal generator, e.g. 
in the case of short subscriber lines and few 
subscriber telephone sets connected to the subscriber 
line . 

10 

Therefore, a further disadvantage of conventional line 
cards and ringing signal generators consists in that 
the power loss of a line card cannot be optimally 
controlled and reduced even with regard to the supply 
15 voltage of the line card. 

The object of the present invention consists in 
creating a method for adjusting a ringing signal 
current in a subscriber line and a circuit arrangement 
2 0 which provides for optimum reduction in the power loss 
of a ringing signal generator and of a line card. 

This object is achieved by a method for adjusting a 
ringing signal current in a subscriber line as claimed 
2 5 in claim 1 and by a circuit arrangement as claimed in 
claim 5. 

The basic concept of the invention consists in 
detecting the ringing signal current instead of the 

30 line current in the subscriber line and adjusting a 
ringing signal voltage by means of the detected ringing 
signal current, in such a manner that the ringing 
signal current which is generated by the ringing signal 
voltage dropped across the subscriber line and the 

35 connected load is kept at or in the vicinity of a 
particular minimum or optimum current value. 
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The invention relates to a method for adjusting a 
ringing signal current in a subscriber line, a ringing 
signal generator which generates the ringing signal 
being connected to one end of the subscriber line and 
5 at least one subscriber being connected to another end 
of the subscriber line, comprising the steps of 
detecting a ringing signal current of the ringing 
signal, comparing the detected ringing signal current 
with a predetermined current value and, when the 

10 detected ringing signal current is greater than the 
predetermined current value, reducing a ringing signal 
voltage of the ringing signal in such a manner that the 
ringing signal current is equal to the predetermined 
current value, the ringing signal voltage being dropped 

15 across the subscriber line and a load of the at least 
one subscriber . 

The subclaims contain advantageous developments and 
improvements of the method specified in claim 1. 

20 

According to a preferred development of the method, the 
step of comparing also exhibits the steps of comparing 
the detected ringing signal current with stored current 
values which are associated with stored voltage values 
25 of the ringing signal voltage, and setting the ringing 
signal voltage in accordance with the stored voltage 
values, in such a manner that the ringing signal 
current is equal to the predetermined current value. 

3 0 According to a further preferred development of the 
method, the step of comparing the detected ringing 
signal current with a predetermined current value is 
carried out periodically or once per ringing signal. 

35 According to a further preferred development of the 
method, the method also exhibits the step of setting a 
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supply voltage of the ringing signal generator in 
dependence on the ringing signal voltage. 

The invention also relates to a circuit arrangement 
5 which is connected to one end of a subscriber line, at 
least one subscriber being connected to another end of 
the subscriber line, comprising a ringing signal 
generator which generates a ringing signal and is 
connected to the subscriber line, and a host controller 
10 which controls the ringing signal generator and carries 
out the method according to the invention. 

The subclaims contain advantageous developments and 
improvements of the circuit device specified in claim 
15 5 . 

According to a preferred development of the circuit 
arrangement, the circuit arrangement also exhibits a 
memory in which the current values, which are compared 
2 0 with the detected ringing signal current, and the 
associated voltage values for adjusting the ringing 
signal voltage, are stored. 

According to a further preferred development of the 
2 5 circuit arrangement, the circuit arrangement also 
exhibits a DC/DC converter which is controlled by the 
host controller and which converts an external supply 
voltage into the supply voltage of the ringing signal 
generator in dependence on the ringing signal voltage. 

30 

According to a further preferred development of the 
circuit arrangement, the circuit arrangement also 
exhibits an interface circuit which is connected to the 
subscriber line and to the host controller and is 
35 controlled by the host controller in order to detect 
the ringing signal current of the ringing signal. 
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According to a further preferred development of the 
circuit arrangement, the interface circuit exhibits the 
ringing signal generator and the DC/DC converter sets a 
supply voltage of the interface circuit in dependence 
5 on the ringing signal voltage. 

According to a further preferred development of the 
circuit arrangement, the circuit arrangement is a line 
card . 

10 

An advantage of the method according to the invention 
and of the circuit arrangement according to the 
invention consists in that by detecting the ringing 
signal current, the ringing signal current can be 
15 precisely adjusted via the ringing signal voltage and, 
as a result, the power loss caused by a ringing signal 
generator or by a line card including a ringing signal 
generator is optimally reduced. 

2 0 A further advantage of the method according to the 
invention and of the circuit arrangement according to 
the invention consists in that by controlling the 
supply voltage of the line card in accordance with 
demand, the power loss of the line card is greatly 

2 5 reduced. 

Exemplary embodiments of the present invention are 
explained in greater detail with reference to the 
attached drawing. 

30 

Figure 1 shows exemplary embodiments of a line card 
according to the present invention. Line cards 100 are 
usually arranged in racks in the telephone central 
office, a number of subscribers 102 being supplied by 
35 one line card. The line card 100 exhibits for each 
subscriber 102 one subscriber line interface circuit 
(SLIC) 104 which is connected to the subscriber 102 via 
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a subscriber line 106. The subscriber line 106 exhibits 
a tip wire and a ring wire. The subscriber line 
interface circuit 104 couples the subscriber line 106, 
which is operated at a high voltage, to the analog and 
5 digital circuits in the line card 100 which are 
operated at lower voltages. The subscriber line 
interface circuit 104 usually supports the above- 
mentioned "BORSHT" functions of battery feed, over 
voltage protection, ringing signal generation, 

10 signaling, coding or PCM conversion, hybrid conversion 
and testing. The subscriber line interface circuit 104 
is coupled via an analog/digital converter 108 to a 
host controller 110 in order to detect and evaluate 
voice signals and other information received via the 

15 subscriber line 106 such as, e.g. the measurement of 
currents in the tip wire or the ring wire of the 
subscriber line 106, an off -hook state or an on-hook 
state. The analog voice signals and the information 
signals associated with the information are converted 

2 0 by the analog/digital converter 108 into digital 
signals which are processed and evaluated by the host 
controller 110. In the opposite direction, the host 
controller 110 is coupled via a digital/analog 
converter 112 to the subscriber line interface circuit 

25 104 in order to convert, for example, digital voice 
signals into analog voice signals and digital ringing 
signals into analog ringing signals for the respective 
subscriber line. 

30 In the subscriber line interface circuit 104, the line 
card 100 preferably exhibits a ringing signal generator 
114 which is arranged at the end of the subscriber line 
106 opposite to the subscriber 102, where it can be 
selectively preferably connected to the subscriber line 

35 106 via a switching device 116. The ringing signal 
generator 114 exhibits an alternating voltage source 
118 and a direct voltage source 120. The ringing signal 
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generator can be located outside or inside (as shown 
diagrammatically in figure 1) of the subscriber line 
interface circuit 104 within the line card 100 or can 
be arranged outside the line card 100. 

5 

In the present invention, the ringing signal current of 
the ringing signal which is generated by the ringing 
signal generator 114 and is transmitted via the 
subscriber line 106 to one or more subscribers 102 

10 connected to the subscriber line is preferably detected 
by the subscriber line interface circuit 104. The 
detected ringing signal current is supplied via the 
analog/digital converter 108 to the host controller 110 
which compares the detected ringing signal current with 

15 a predetermined current value. If the detected ringing 
signal current is greater than the predetermined 
current value, the host controller reduces the ringing 
signal voltage of the ringing signal generated across 
the subscriber line 106 by the ringing signal generator 

2 0 114 in such a manner that the ringing signal current 
which is produced by the drop of the ringing signal 
voltage across the subscriber line 106 and the 
connected subscriber 102 or the connected subscribers 
is less than or equal to the predetermined current 

2 5 value. 

The line card according to the invention also exhibits 
a memory 112 which is connected to the host controller 
110 and in which current values and associated voltage 

3 0 values of the ringing signal are stored in order to set 

the ringing signal voltage in dependence on the ringing 
signal current detected by the subscriber line 
interface circuit 104 by means of the host controller 
110, in such a manner that the ringing signal current 
35 in the subscriber line 106 is less than or equal to the 
predetermined current value. The memory 112 preferably 
exhibits a random access memory (RAM) . The ringing 
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signal voltage is preferably set via coefficients by 
means of which the ringing signal generator 114 is 
driven for setting the ringing signal voltage. The 
association of the stored current values with 
5 corresponding voltage values can depend, for example, 
on the number of subscribers 102 connected to the line 
106 which is 5 (5 REN) at a maximum, and on the length 
of the subscriber line 106 which usually has a line 
resistance of 930 ohms in the case of a long subscriber 

10 line. The predetermined current value is 29 mA in this 
case. If fewer subscribers are connected to the 
subscriber line 106 so that the load on the subscriber 
line 106 drops and a lower current flows through the 
subscriber line 106, the ringing signal voltage must be 

15 increased so that it does not drop below the 
predetermined current value. When the subscriber line 
has a minimum length and the maximum number of possible 
subscribers (5 REN) is connected to the line, the 
ringing signal current flowing through the subscriber 

20 line is very great which makes it necessary to reduce 
the ringing signal voltage. The host controller 110 
preferably controls the ringing signal generator 114 or 
the subscriber line interface circuit 104 containing 
the ringing signal generator 114, in such a manner that 

2 5 the current value of the ringing signal is detected 

either periodically or once per ringing signal and the 
ringing signal voltage is then set in dependence on 
this value. 

3 0 In a further exemplary embodiment of the present 

invention, the line card 100 also has a DC/DC converter 
124 which is connected to the host controller 110 and 
which controls the supply voltage of the subscriber 
line interface circuit 104 or, respectively, of the 
35 ringing signal generator 114 arranged therein or of the 
ringing signal generator arranged outside the 
subscriber line interface circuit 104. The DC/DC 
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converter 116 itself is connected to a voltage supply 
of the line current 100 (not shown) in order to convert 
the supply voltage of the line card 100 into a suitable 
power loss-reducing supply voltage for the subscriber 
5 line interface circuit 104 and the ringing signal 
generator 114. 

During the operation of the line card 100, the host 
controller 110 preferably controls the DC/DC converter 

10 116 in such a manner that the supply voltage for the 
subscriber line interface circuit 104 or the ringing 
signal generator 114, respectively, is just sufficient 
for being able to transmit the ringing signal without 
distortion via the subscriber line 106. Such distortion 

15 preferably occurs at low amplitudes of the sinusoidal 
signals used for the PCM coding, the amplitudes being 
clipped by the distortion. The external supply voltage 
of the DC/DC converter 124 is usually 150 V whereas the 
supply voltage supplied to the subscriber line 

20 interface circuit 104 means of the by DC/DC converter 
124, for example with a very short subscriber line, is 
then preferably only 65 V. 

The DC/DC converter 124 is provided either once per 
25 line card 100 or, as an alternative, also once per 
subscriber line interface circuit 104 as a separate 
voltage control for each subscriber line interface 
circuit 104. The host controller 110 preferably 
controls a number of subscriber line interface circuits 
30 104 and the DC/DC converter 124 associated with the 
respective subscriber line interface circuit 104. 

An advantage of the present invention consists in that 
the power loss of a line card and of the associated 
3 5 overall system can be considerably reduced by means of 
the optimized adjustment of the ringing signal current 
and also by separately controlling the supply voltage 
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for each subscriber line interface circuit or for each 
ringing signal generator, which, for example, makes it 
possible to maintain the telephone service for a longer 
period of time in the case of a mains voltage failure 
5 (lifeline support) . In comparison with conventional 
line cards which have a power loss of up to 4 watts, 
the line card described herein provides for a reduction 
in the power loss of up to 1 watt and thus considerable 
cost savings, such as, e.g. for batteries which ensure 
10 that telephone service is maintained in the case of a 
mains voltage failure. 

Another advantage of the present invention consists in 
that the invention can also be used in the case of chip 
15 sets which are not equipped with fully automatic 
control in that the host controller is programmed for 
limiting the ringing signal voltage in such a manner 
that the ringing signal current, for example, is no 
greater than 29 mA in this case. 

20 

The invention can be used, in particular, with the new 
GEMINAX (Global Enhanced Multiport Integrated ADSL 
transceiver) chip sets by Infineon for subscriber line 
interface circuits, analog/digital converters and 

25 digital/analog converters. In these chip sets, 
conventional host controllers such as, e.g. controllers 
by Motorola are normally used which, apart from the 
usual evaluation of the information by a subscriber 
line, e.g. on-hook and off -hook state, call 

30 distribution, call direction, relay states etc. also 
provides for the evaluation of the ringing signal and 
its relationship with respect to predetermined 
thresholds, such as, e.g. ringing signal current 
thresholds. Such an evaluation can be implemented by 

35 means of simple DSP (Digital Signal Processor) 
programming . 



